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T FOORLIIE I ALL TGS AL FIAI NeTUBYE 'LTATL BOITAVICN 1l

GAS=TUTRINE GO EUSTICN CIAVDORE VILER CUTRATING COLLIPIAHS

Yo, 8, Gintsburg

Mo e lupechliin, dn hie artiele, "Conserning Tarpernture Htresses in
o atak of Cas=furbine Cenbustion Cherbors" [51‘. oD ver Abs 162924/,
seasned a partial oage off the dotormlnotion of heal sbresses in tie walls
of Mano tubos of gre=turbine ecibustion dhadvers, oueh siressen being the
result of nenwiilforin temporature diziribution over the thiclkness of the
welle A6 o rosult of Utho analysis ol the phene.cns peourrlng i tho vialls
ol tho flmme tube an hypolthesis vies oxvrossed cenocralng the relaxation of
tho strescos. This hypothesio migib possibly give rise Lo an errorjoous
idoa that the flasio=tube valkls, in the procoss of eperatlon, are opon=-
tanooucly rolieved of hoat stresses. Aetunlly, the econditicons involved in
the ponoration of theso stresseus, and shair offoct on tho strenpth and service
1300 of tho L£lamo Lubu are considorsbly noere comploi

forporature distribubion in tho flasomtubo walls Lo monundform not only
vith respect to thoir thicknoss (o5 o result of tho difference in e von=
peratures ol tho gos ourrent aad sesondary air vhdeh reachos tho outer sure
foco of tho flame tube), bub alse with respoct bo Uhelr cirownlorence and
Longline  Due o the ewcenbrie Locatilon of the flame tho walls of the flame
Lube mey not be heated evenly arownd the cirowaloronce. (The acoumalaetion
of solio dush o the oubor surlace of the tube brings about onses of local
overhonting which may load o the apponrance ol cepdients up o 600 - 650°,
The mommiforpitycis the hoating ofithe walls ol tho shell of the {lame {tube
by the flow of gas with respoct o flamo=tube lengih, with o diamotor of
400 = 800 mm, wmay omount to 200 =5009,

tharefore, local bemperatuve strosscs mey solually oxceod by many times 9

tho shrosses ap caleulated by Kurochkirl
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The exletence of the abavemmentlened Lenmperatwre gredient unavelidably
given rigse to nenwnd forn defermation in the walls in the varieus temperature
gones. The lewar tie heat eonduchiviiy of the wallemetal the hlgher will be
Lie lenserature rradiont end the greater will be the difference in the ameunt
of deformetion in the varieusly=hentied senes e ihe shells I% asieuld Le
apheslized that the sise of the tenperature sradlent ig direetly prepertienal
o hoat eonduetlvity and, te a lesser degree, depends upen the reilective
amd emioolon prevorty of the outer surlaee of the walls of the lLube, radla=-
tlon losg, and other factors, uxperlmente geelally esiablishod for {lanew=
tube modele shewed wiwt with eenstent {lame femperature and cenfiguratlen,
the nazlinum teuporature pradlent with respeet te tho lengliv of a shell nade
ol alloys wiilr low heal eonduetlvliy may amouns to 000%, as ajainsy n00-760°
in the ease of sholl nmade Ifrom alloys with a relatively hlgh hent eenductiviyy,

Shudlerly, a nors hlighly hontod lensth o the sholl of vie [lane tube
of the sombuntion ehanbor, Ll.o., loealizatlon ol heatins alen: the length ef
the sholl, also :loveuds upon tho hoat sonduelivity oi' the alloy eentaiued

in the shells Tho ratio of +tho wore highly heated longth Lo theo total lenyth

P

of the shell exnrnmeturisou the degreo of tnbe=profile disbtortion due lo nen=
wid forn deforantions At the sane Ylnme tho leoulisation ol heating lavieasod
ap seale formntion, o:xidizability, end toandency to fusien ol <whe alloys!
cradn boundaries ineroaso.

In tho ecano of ropeated notion ol tho hoat (oyelic hesting) on Lflame
tubes subjoch to Localized henting in the presence ol o considorable teumpera=
ture gradiont, the phonomons of so~oalled thewmmol fatipue arise. fThorual
foligue is vory oloarly exprossod in the oase of combustlon chambors for alr=
erafl cus turbines in which poriods of Jorced operation alieraalo wwith Ldling
poriodds  Tho phenomena of thormal latigue lead o the formution of ring
oraoks and ‘the broalidoim of tho flame tube, Tho initial poriod of thormal
fatiguo is conneotod with buclkling phenouena, whioh are follovwed by orack

forntions
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rqasures for inoreasing the heat eenduetivity of tube materiel are a
eonbvibuting faster in tie redvetion of the temperbure pradionts Flguwee 1
ghowy he hesbmeenduotiviby values far alley a0=76, It 48 evident here hat
e conbing of copper eanalierably lncreancs the heat eenduetivity of lov
noab=ooniuekilve akloys. In addition, atteinple vieve made Lo lnerease heat=
roslotanee and lower seale fomnsion by contslng with chremivn and nielele
gable 1, bolow plves exwmples of the Inereasc in reslstonce to thoral fatl-

quo iien the above-riontlonal eleatrelytlc centings are useds

Poble 1, The Ufleet ol an nlegtrolytie Coalidng en el Fallgue

| hubar of CyoleT Defore I igliorioration

Auloy ! thiclmasy of Gheet | ihileut coatiing [wype of |V
f {dn m) | ,‘ eanting 3
L3=0 “. 0.84 20-00 , Cu = 1M1 6u=100 :
e ; =7l 0,81 30=100 tu - 3l 20=-060 <‘
TR 0401  100-130 tu =L | H0-05O |
| 0476 | 230700
, | - 50=220 L oou | rtieelsro

Siforbs to olimdnate doformetion (buelkling, eraeclk formntion) may also
1neludo an ineronso in the well-thicknoss of tho flame tuhos iauiples of o
roduction in tho toudenesy townrds shormal [ntipue viwon thisg mothod was appliod
to on oxperimental [lmmo tuie oro presentod below in tablo 24 A decroase
sq local defovmabion nmy nlso beo obsainod by loworlng tho coo fieiont of
thormal oxponsion through goloction of alloys of suitablo composition and
sonbing wibh hont=vrooivbont maberialss flowever, it should bo notoecd Wt in
order to Llessen orack fermtion due 5o “hormal fatigue and inereaso longth
of sorvice, o conparntivoly amnll inerease in heal conduetivilty or o groat
ineronso in the permononce of rosistanco o oxldation and an incronso in the

sosfiiciont of thornal oxpsnsion ure sufficlonts ‘
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Fhenenena of leeal daforuation may alee e ageravabed by aging phenemnena
in henteresigtant alloys, A swbstantial decroase in the velune of heal=
registant alloys as & result ef the precipltation of diespersed phases are
chservod in the aglng process, [The oharacter of o simllar change in veliw
with tlme in the caso of a highly noab=rogietant Oy=iil=‘c alloy i shewn in
Figure 2. “tho ellect of Lhe bonperature [redient in this direstion may alse
bo viewed as the result of tho varying docreasc of motal volwne in the var=

Leusly=hontod moneg of the flame tubo.

rable 8. Tho Lffeock of Shool (hilelmoss on Thernal Matigue

Alloy Tilolmess of Jheot o of Cycles Belore
(in ) Deterioration

16-0 0,04 n0=30
1=80 1.60=2060

19=01b 0438 50=-100
0,04 §0-200

fho problem o tho olfect of a1l ‘tho abovo=tentionod local and overall
hoat strosses on sbructural shrengtiy, wiothor thornal fatigue pitonouone aro
abgons oy preseny, is rolatod bo tho mechanlcal strongth of tho maborial
used in e Tlomo tubss ilovovor, 4% should bo noted that ealoulabion has to
bo pordermod ncecoxding o tho quansity ol the alloy's couvonblonal yiold
point at oporoting temporaturo and not sooording Lo the olostic limit, whloh
sorerally is nodb observed in alloys whon worlking in tho ficld ol high lempora=
turos.

the resintance to oreep of the hent=rosisbant alloys gonerally ussd for
Plato=tube sholls in coubustlon chambors ig vory lov ab the oporubing tompotas
fuven Loy the flame=Lube walls. Teble 3 gives the oroop limib of somo commonly
~usod alloys with totel nbboinable deformabion of 1% for 10,000 hourse ‘With

pbainable deformation of 15 for 100,000 hours, the oreep limlt ab these

mhom
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temperatures Lo prastleally equal Lo zere. For this reasen, even with
mindmuen ealeulatiens and thewmnl stresses, fene eresp will eertainly be QVim
denb, Under condlitions of cyclie heabtlng the oreep phenomenen will agiravate
legel deformatien (due ta the presence of the Lemperature pradient) and, by
the omme bLelen, will inerease theormal fatdgue and gherten the {lame tube's
gorvice 1ifo. In additlon te the above-nentioned laclers, the rollowlng
roquirenonts must alge he connldered vion nelecting the waterial for the
Llone uboe

mo alley Lor tho flame tubo imsh Lo an atable againsh latererysbtalline
corrosion ngs posgible, partleularly In wolded jointe., Intereryitnlline cor-
ronion may ooour as o reoult of the condonsntion of flme pages in a non-
oporating portlon of the ras turbine, perticularly In the caso ol a low alr
Lonparaturo.

Tho nlloy must havo sufficient rosistonco o pas corrosion froa [1me
gogen ob Llane=tubo oporating tomporaturos. Pipuro 3 illustratos the rolative

sbability of throe alloys in Lo combustion products of o fas turbino.

pablo 8. Creop Limit (175, 10,000 hrs)

Alloy Pomporabure (In %u) ¢reop Limit (in lzg;/oq vm) B
20=12 816 0.8
20=20 818 0.7
16=8 816 lad
16=35 870 1.0 4
’ 20=76 815 Lot
20=76 870 1.0

Pinally, to avold plasbicity Losges, the alloy must hovo a sufficiontly
hiph rosiubanco to corburization from the products of combustion. IFgure 4
ghows a compardson ol tho carburizntion resistonco of somo Lrequently=uged
alloyd.

[Figuros ave appondods/
-
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Figure 21 Change in volume during aginge
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